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bjectives The aim of this study was to investigate the difference of culprit lesion morphologies
ssessed by optical coherence tomography (OCT) between ST-segment elevation myocardial infarc-
ion (STEMI) and non–ST-segment elevation acute coronary syndrome (NSTEACS).
ackground Autopsy studies have reported that rupture of a thin-cap ﬁbroatheroma and subse-
uent thrombus formation is the most important mechanism leading to acute coronary syndrome
ACS). Optical coherence tomography is a high-resolution imaging modality that is capable of inves-
igating detailed coronary plaque morphology in vivo.
ethods We examined the culprit lesion morphologies by OCT in 89 consecutive patients with
cute coronary syndrome (STEMI  40; NSTEACS  49).
esults The incidence of plaque rupture, thin-cap ﬁbroatheroma, and red thrombus was signiﬁ-
antly higher in STEMI compared with NSTEACS (70% vs. 47%, p  0.033, 78% vs. 49%, p  0.008,
nd 78% vs. 27%, p  0.001, respectively). Although the lumen area at the site of plaque rupture
as similar in the both groups (2.44  1.34 mm2 vs. 2.96  1.91 mm2, p  0.250), the area of rup-
ured cavity was signiﬁcantly larger in STEMI compared with NSTEACS (2.52  1.36 mm2 vs. 1.67 
.37 mm2, p  0.034). Furthermore, the ruptured plaque of which aperture was open-wide against
he direction of coronary ﬂow was more often seen in STEMI compared with NSTEACS (46% vs. 17%,
 0.036).
onclusions The present OCT study demonstrated the differences of the culprit lesion morpholo-
ies between STEMI and NSTEACS. The morphological feature of plaque rupture and the intracoro-
ary thrombus could relate to the clinical presentation in patients with acute coronary
isease. (J Am Coll Cardiol Intv 2011;4:76–82) © 2011 by the American College of Cardiology
oundation
rom the Department of Cardiovascular Medicine, Wakayama Medical University, Wakayama, Japan. Drs. Akasaka and Kubo
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77upture of vulnerable plaque with subsequent thrombus
ormation is a major cause of acute coronary syndrome
ACS). The pathological characteristics of vulnerable
laques include a thin fibrous cap with macrophage infil-
ration and a large lipid core (1,2). The traditional paradigm
s that the mechanism of plaque rupture is identical between
T-segment elevation myocardial infarction (STEMI) and
See page 83
on–ST-segment elevation acute coronary syndrome
NSTEACS), with some clots being partially or totally
cclusive. Intravascular ultrasound (IVUS) studies reported
hat the morphology of plaque rupture site might affect
bstructive thrombus formation (3–6). However, the rela-
ively coarse resolution of IVUS precludes detailed assess-
ent of the ruptured plaque, including fibrous cap thickness
nd ruptured cavity size.
Optical coherence tomography (OCT) is a high-
esolution (approximately 10 to 20 m) imaging modality,
hich is approximately 10 times higher than IVUS. Optical
oherence tomography is a feasible and safe imaging
odality in patients with ACS and allows us to identify
laque ruptures, thin-cap fibroatheromas (TCFAs) and
ntracoronary thrombus in vivo (7–12). We used OCT to
ompare culprit lesion morphologies between STEMI
nd NSTEACS.
ethods
tudy population. We enrolled 104 consecutive ACS pa-
ients (STEMI  48, NSTEACS  56) with de novo
ulprit lesion in the native coronary artery who were
dmitted to Wakayama Medical University Hospital and
nderwent coronary angiography (CAG) between July 2008
nd March 2009. The enrollment criteria of STEMI in this
tudy was based on the concurrence of all the following: 1)
ontinuous chest pain for at least 30 min; 2) arrival at our
ospital within 6 h from the onset of the symptom; 3)
T-segment elevation 0.1 mV in 2 or more contiguous
eads on 12-lead electrocardiogram; 4) elevated myocardial
nzymes (plasma creatine kinase and creatine kinase-
yocardial band fraction levels more than 2 times higher
han normal); and 5) an identifiable culprit lesion in a native
oronary artery by CAG. Criteria for NSTEACS include
on-STEMI and unstable angina. The criteria of non-
TEMI in this study was based on the concurrence of all
he following: 1) new findings of ST-segment depression
0.1 mm or T-wave inversion 0.4 mm in 2 or more
ontiguous leads; 2) symptoms consistent with acute myo-
ardial infarction; and 3) the presence of elevated levels of
roponin T (0.1 ng/ml). Unstable angina was defined as
n unstable pattern of chest pain (at rest, new onset, or
rescendo angina) coinciding with objective evidence of sAG, demonstrating a50% coronary stenosis but without
ignificant elevation in troponin T (0.1 ng/ml). Patients
ith cardiogenic shock, renal insufficiency with baseline
erum creatinine 2.0 mg/dl, a left main coronary artery
esion, an extremely tortuous vessel, and a reference vessel
iameter of 4 mm were excluded because of the potential
ifficulty in performing and interpreting the OCT findings
n such situations. This protocol was approved by the
akayama Medical University Ethics Committee, and all
atients provided informed consent before participation.
tudy protocol. Oral aspirin (162 mg) and intravenous
eparin (100 U/kg) were administered before coronary
ntervention. Thrombolysis was not performed for any
atient. The culprit lesion was identified on the basis of the
ndings by a CAG as well as an electrocardiogram and
ransthoracic echocardiogram. In
atients with Thrombolysis In
yocardial Infarction (TIMI)
ow grade 2, aspiration throm-
ectomy was performed by a
.1-F aspiration catheter (Export
atheter, Medtronic, Japan, To-
yo, Japan) before OCT imaging,
ut pre-dilation by balloon cathe-
er was not allowed. After reper-
usion with TIMI flow grade 3,
he culprit lesion was observed by
CT as described previously
8,11). Briefly, a 0.016-inch OCT
atheter (ImageWire, LightLab
maging, Westford, Massachu-
etts) was advanced to the distal
nd of the culprit lesion through a
-F occlusion balloon catheter
Helious, Goodman Co., Ltd.,
agoya, Japan). To remove the
lood from the field of view,
cclusion balloon was inflated to
.4 to 0.6 atm at the proximal
ite of the culprit lesion, and a mixture of commercially
vailable dextran 40 and Lactated Ringer’s solution (low-
olecular-weight Dextran L Injection, Otsuka Pharmaceu-
ical Factory, Tokushima, Japan) was infused into the
oronary artery from the distal tip of the occlusion balloon
atheter at 0.5 ml/s.
For the assessment of the proximal coronary artery
esions, we used a continuous-flushing (nonocclusive) tech-
ique of OCT image acquisition, which is a newly devel-
ped alternative to the balloon-occlusion technique (11,13).
o flush the vessel, we infused a mixture of commercially
vailable dextran 40 and lactated Ringer’s solution direct
rom the guiding catheter at a rate of 2.5 to 4.5 ml/s with an
njector pump (Mark V, Medrad, Inc., Warrendale, Penn-
Abbreviations
and Acronyms
ACS  acute coronary
syndrome
CAG  coronary angiography
CSA  cross-sectional area
IVUS  intravascular
ultrasound
NSTEACS  non–ST-segment
elevation acute coronary
syndrome
OCT  optical coherence
tomography
QCA  quantitative coronary
angiographic analysis
ROC  receiver-operator
characteristic
STEMI  ST-segment
elevation myocardial
infarction
TCFA  thin-cap
fibroatheromaylvania). Regardless of the OCT technique used, in all
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78ases, the culprit lesion was imaged with an automatic
ullback device traveling at 1 mm/s. The OCT images were
igitalized and analyzed by a musical instrument digital
nterface to control voltage converter OCT console.
CT image analysis. All OCT images were analyzed by 2
ndependent investigators (Y.I. and T.K.) who were blinded
o the angiographic data and clinical presentations. When
here was any discordance between the observers, a consen-
us reading was obtained. Presence of plaque rupture, intra-
oronary thrombus, or TCFA was noted. Plaque rupture was
efined as the presence of fibrous-cap discontinuity and a
avity formation in the plaque. The lumen cross-sectional area
CSA) and the ruptured cavity CSA were measured at the site
f largest intra-plaque cavity (Figs. 1B and 2B). The minimum
umen CSA was also estimated. The longitudinal morpholog-
cal features of plaque rupture were classified into 3 types
ccording to the previous IVUS report (6). Proximal-type
upture was defined as the ruptured plaque of which aperture
as open-wide against the direction of coronary flow (Figs. 1D
nd 1E). Distal-type rupture was defined as the ruptured
laque of which aperture opened along the direction of
oronary flow (Figs. 2D and 2E). Mid-type rupture was
efined as the ruptured plaque of which aperture opened at the
enter of the plaque. Intracoronary thrombus was identified as
mass that protruded into the vessel lumen from the surface of
he vessel wall. Red thrombus, which is considered a fresh one
nd mainly consists of red blood cell (14), was defined as
igh-backscattering protrusions inside the lumen of the artery
B
C
B
D
Ruptured 
3.92m
A
Figure 1. Representative Case With ST-Segment Elevation Myocardial Infa
(A) Coronary angiography demonstrated a complex lesion in the mid portion
(arrowheads) was observed by optical coherence tomography (OCT) in the in
was characterized as high-backscattering protrusion with signal-free shadow. (
ruptured plaque is open-wide against the direction of coronary ﬂow. (E) Schemith signal-free shadowing in the OCT image (15) (Fig. 1C). white thrombus, which is considered an older one in the
rocess of thrombus organization and mainly consists of
latelet and fibrin (14), was defined as low-backscattering
rotrusions with signal-rich one according to a previous report
15) (Fig. 2C).Maximal lipid arc was semiquantified according
o the number of involved quadrants on the cross-sectional
CT image. When lipid was present in 2 quadrants in any of
he images within a plaque, the plaque was deemed to be
ipid-rich. A fibrous cap was identified as a signal-rich homog-
nous region overlying a lipid core, which was characterized by
signal-poor region on the OCT image. The thinnest part of
he fibrous cap was measured 3 times, and the average value
as calculated. The lesion with a fibrous cap of 65 m was
iagnosed as TCFA.
ngiographic analysis. The CAG was performed after the
dministration of 0.2 mg intracoronary nitroglycerin. With
he guiding catheter for magnification calibration, quanti-
ative coronary angiographic analysis (QCA) was performed
ith a validated automated edge detection algorithm
QCA-CMS version 5.0, Medis, Leiden, the Netherlands)
y 2 independent observers (H.K. and T.T.) blinded to the
linical information including OCT findings. Angiographic
orphology in the culprit lesion was classified as either
imple or complex on the basis of the American College of
ardiology/American Heart Association classification (16)
nd the Ambrose classification (17,18). Simple lesions were
oncentric or eccentric and characterized by a smooth
order and a broad neck. Complex lesions were eccentric
Coronary flow
Ruptured cavityE
Proximal
1mm 1mm
C
Thrombus
left circumﬂex artery. (B) The large ruptured cavity and residual ﬁbrous cap
elated lesion. Scale bar  1 mm. (C) The OCT detected a red thrombus that
longitudinal OCT image revealed proximal-type rupture. The aperture of a
the longitudinal OCT image.cavity
m2
rction
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farct-r
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79ncluding ulceration, the presence of thrombus, or total
cclusion. Ulceration was defined as a small crater consist-
ng of a discrete luminal widening with luminal irregularity.
ntracoronary thrombus was defined as a filling defect seen
n multiple projections.
tatistical analysis. Stat View 5.0 software (SAS Institute,
nc., Cary, North Carolina) was used to perform all statis-
ical analyses except receiver-operator characteristic (ROC)
urve analysis, which was performed with SPSS software,
ersion 11.0 (SPSS, Inc., Chicago, Illinois). Categorical
ariables were presented as frequencies, with comparison
ith chi-square statistics or Fisher exact test (if the expected
ell value was 5). Continuous variables were presented as
he mean  SD and were compared with unpaired Student
tests. The ROC curve analysis was used to compare the
uantitative OCT variables for predicting STEMI.
p value 0.05 was considered statistically significant.
esults
aseline clinical characteristics. We excluded, of the 104
atients with STEMI or NSTEACS, 2 patients with left
ain coronary artery lesion, 3 patients with renal insuffi-
iency, 5 patients with cardiogenic shock, and 5 patients
ith inadequate OCT image acquisition. Thus, 89 patients
STEMI  40 and NSTEACS  49) were assessed in the
resent study.
Baseline clinical characteristics are shown in Table 1.
here were no differences in the variables of baseline clinical
B C
A
D
Ruptured cavity
0.98mm2
B
Figure 2. Representative Case With Non–ST-Segment Elevation Acute Coro
(A) Coronary angiography demonstrated a severe stenosis in the proximal por
cap (arrows and arrowheads) was observed by optical coherence tomograph
thrombus that was characterized as signal-rich and low-backscattering protrus
ruptured plaque is open along the direction of coronary ﬂow. (E) Scheme of tharacteristics between STEMI and NSTEACS, except foreft ventricular ejection fraction (p  0.005). The median
lapsed time in STEMI (time from the onset to OCT
maging) and NSTEACS (time from the latest heart attack
o OCT imaging) was 3.9 h and 14.5 h, respectively (p 
.001). The nonocclusive technique was performed in 24
27%) patients (STEMI  9 and NSTEACS  15).
ngiographic ﬁndings. Angiographic findings are shown in
able 2. A TIMI flow grade 0 (p  0.001), complex lesion
p  0.006), and angiographic thrombus (p  0.001) were
ore often seen in STEMI compared with NSTEACS.
inimum lumen diameter was smaller (0.36  0.39 mm vs.
.69  0.42 mm, p  0.001) and percentage diameter
tenosis was greater (89  11% vs. 79  11%, p  0.001)
Table 1. Baseline Clinical Characteristics
STEMI
(n  40)
NSTEACS
(n  49) p Value
Age, yrs 66 13 63 10 0.209
Male 30 (75) 41 (84) 0.427
Hypertension 25 (63) 25 (51) 0.293
Dyslipidemia 20 (50) 31 (63) 0.282
Diabetes mellitus 17 (42) 14 (29) 0.187
Cigarette smoking 22 (55) 19 (39) 0.141
Prior PCI 2 (5) 9 (18) 0.103
Multivessel disease 16 (40) 14 (29) 0.271
LVEF, % 53 9 59 10 0.005
Values are given as n (%) or mean SD.
LVEF left ventricular ejection fraction;NSTEACSnon–ST-segmentelevationacute coronary
syndrome; PCIpercutaneous coronary intervention; STEMIST-segment elevationmyocardial
Thrombus
1mm
E
Coronary flow
Ruptured cavity
C
1mm
Proximal
Syndrome
f the right coronary artery. (B) The small ruptured cavity and residual ﬁbrous
T) in the culprit lesion. Scale bar  1 mm. (C) The OCT detected a white
) The longitudinal OCT image revealed distal-type rupture. The aperture of a
gitudinal OCT image.nary
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80n STEMI than in NSTEACS. Aspiration thrombectomy
as more often performed in STEMI than in NSTEACS
88% vs. 14%, p  0.001).
CT ﬁndings. Representative OCT images are shown in
igure 1 (STEMI) and Figure 2 (NSTEACS). The OCT
ndings are summarized in Table 3. Plaque rupture (70% vs.
7%, p  0.033), lipid-rich plaque (90% vs. 71%, p 
.036), TCFA (78% vs. 49%, p 0.008), and red thrombus
78% vs. 27%, p  0.001) were more often seen in STEMI
ompared with NSTEACS. The fibrous cap thickness was
ignificantly thinner in STEMI than that in NSTEACS
55  20 m vs. 109  55 m, p  0.001). The OCT
ndings of ruptured plaques are shown in Table 4. The
aximum ruptured cavity CSA was larger in STEMI than
n NSTEACS (2.52 1.36 mm2 vs. 1.67 1.37 mm2, p
.034). The lumen CSA at the site of maximum ruptured
avity CSA (2.44  1.34 mm2 vs. 2.96  1.91 mm2, p 
.250) and the minimum lumen CSA (1.95 0.80 mm2 vs.
.88  0.86 mm2, p  0.756) were similar in the both
Table 2. Angiographic Findings
STEMI
(n  40)
NSTEACS
(n  49) p Value
Culprit vessel
LAD/LCX/RCA 11/9/2020 22/7/2020 0.219
TIMI ﬂow grade
0/1/2/3 22/2/10/6 2/2/11/34 0.001
Culprit lesion characteristics 0.006
Simple lesion 2 (5) 17 (35)
Complex lesion 38 (95) 32 (75)
Ulceration 10 (25) 8 (16) 0.427
Thrombus 29 (73) 5 (10) 0.001
QCA results
Reference vessel diameter, mm 3.32 0.57 3.16 0.40 0.125
Minimum lumen diameter, mm 0.36 0.39 0.69 0.42 0.001
Percent diameter stenosis, % 89 11 79 11 0.001
Values are given as n (%) or mean SD.
LAD left anterior descending; LCX left circumflex; QCA quantitative coronary angiogra-
phy; RCA right coronary artery; TIMI Thrombolysis In Myocardial Infarction; other abbrevia-
tions as in Table 1.
Table 3. OCT Findings of Culprit Lesions
STEMI
(n  40)
NSTEACS
(n  49) p Value
Plaque rupture 28 (70) 23 (47) 0.033
Lipid-rich plaque 36 (90) 35 (71) 0.036
Fibrous cap thickness, m 55 20 109 55 0.001
TCFA 31 (78) 24 (49) 0.008
Thrombus 40 (100) 32 (65) 0.001
Red thrombus 31 (78) 13 (27) 0.001
White thrombus 9 (22) 19 (39) 0.114
Values are given as n (%) or mean SD.sTCFA thin-cap fibroatheroma; other abbreviations as in Tables 1 and 2.roups. Compared with the minimum lumen CSA site, the
aximal ruptured cavity was more often located proximally
n STEMI (64% vs. 35%, p  0.036) and distally in
STEACS (11% vs. 39%, p  0.017). Furthermore,
roximal-type rupture was more often seen in STEMI (46%
s. 17%, p 0.039), and distal-type rupture was more often
bserved in NSTEACS (11% vs. 35%, p  0.048). The
OC curves of the quantitative OCT variables are shown in
igure 3. The areas under the curve of maximum ruptured
avity CSA, lumen CSA at the maximum ruptured cavity
ite, minimum lumen CSA, and minimum fibrous cap
hickness for predicting STEMI were 0.718, 0.473, 0.542,
nd 0.407, respectively.
iscussion
he present OCT study demonstrated the differences of the
ulprit lesion morphologies between STEMI and
STEACS. The main findings were summarized as fol-
ows: 1) plaque rupture, TCFA, and red thrombus were
ore often seen in STEMI; 2) the size of ruptured cavity
as greater in STEMI; and 3) the ruptured plaque of which
perture was open-wide against the direction of coronary
ow was more often seen in STEMI. Our results suggest
hat these plaque morphologies in the culprit lesion might
ffect the clinical presentations in patients with ACS.
laque rupture and ACS. Plaque rupture with subsequent
hrombus formation is the most frequent cause of ACS
1,2). Pathological studies showed that plaque rupture was
Table 4. OCT Findings of Ruptured Plaques
STEMI
(n  28)
NSTEACS
(n  23) p Value
Maximum ruptured cavity CSA,
mm2
2.52 1.36 1.67 1.37 0.034
Lumen CSA at maximum
ruptured cavity site, mm2
2.44 1.34 2.96 1.91 0.250
Minimum lumen CSA, mm2 1.95 0.80 1.88 0.86 0.756
Location of the maximum
ruptured cavity
Proximal to the minimum
lumen CSA site
18 (64) 8 (35) 0.036
Same with the minimum
lumen CSA site
7 (25) 6 (26) 0.929
Distal to the minimum lumen
CSA site
3 (11) 9 (39) 0.017
Longitudinal morphological
features of plaque rupture
Proximal-type 13 (46) 4 (17) 0.039
Mid-type 12 (43) 11 (48) 0.782
Distal-type 3 (11) 8 (35) 0.048
Values are given as n (%) or mean SD.
CSA  cross-sectional area; OCT  optical coherence tomography; other abbreviations as in
Table 1.een in 70% of patients with coronary artery disease who
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81ied suddenly (1). The IVUS studies demonstrated that the
revalence of plaque rupture was 59% to 66% in the culprit
esion of ACS (3,19). Angioscopic studies also reported that
he prevalence of plaque rupture was 56% in patients with
CS (20). Furthermore, postmortem examinations (21) and
VUS studies (5) disclosed that smaller lumens and evidence
f thrombus are the important risks linking ruptured
laques to ACS. The traditional paradigm is that the
echanism of plaque rupture is identical between STEMI
nd NSTEACS, with some clots being partially or totally
cclusive. However, it is not clear why some plaque ruptures
ead to STEMI, whereas others cause NSTEACS. We used
CT to compare culprit lesion morphologies between
TEMI and NSTEACS. The micron-scale resolution of
CT has an ability to capture in vivo what was previously
een only through the microscope of a pathologist. Early in
itro and in vivo studies have demonstrated the possibility
hat OCT might identify vulnerable plaque features
7–12,22). In the present OCT analysis, the incidence of
laque rupture, TCFA, and red thrombus was significantly
igher in STEMI than in NSTEACS. Moreover, the
uptured cavity CSA was significantly greater in STEMI
ompared with NSTEACS. An exposure of necrotic core
nduced by plaque rupture could lead to the contact of
hrombogenic lipid content with flowing blood. Our results
uggest that the size of the underlying lipid pool or necrotic
ore might relate to post-plaque rupture thrombus forma-
1.000.750.500.250.00
1.00
0.75
0.50
0.25
0.00
1-Specificity
S
en
si
tiv
ity
cavity CSA 
minimal lumen CSA
lumen CSA of
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Figure 3. Receiver-Operator Characteristic Curve Analysis of Quantitative
Optical Coherence Tomography Variables for Predicting STEMI
The areas under the curve of maximum ruptured cavity cross-sectional area
(CSA), lumen CSA at the maximum ruptured cavity site, minimum lumen
CSA, and minimum ﬁbrous cap thickness for predicting ST-segment eleva-
tion myocardial infarction (STEMI) were 0.718, 0.473, 0.542, and 0.407,
respectively.ion and clinical presentations of ACS. pongitudinal morphology of plaque rupture. Not only the
ross-sectional feature but also the longitudinal morphology
f plaque rupture affects the coronary flow, which is closely
elated to obstructive thrombus formation. In a previous
-dimensional IVUS study we demonstrated that the ACS
atients with plaque rupture in the proximal shoulder site
howed TIMI flow grade 0 on the initial angiogram more
requently than those with plaque rupture in the midportion
r distal shoulder site (proximal type, 86%; mid-type, 50%;
nd distal type, 31%; p  0.002) (6). In the proximal-type
upture, antegrade coronary flow causes the flap of the
uptured plaque to “roll up” back across the rupture site,
xtending the aperture of the ruptured plaque. Then, more
f the thrombogenic contents in the lipid core are exposed
o coronary flow, compared with other rupture types. This
ider exposure of the plaque contents might result in more
apid thrombus formation and even total occlusion of the
oronary artery. In the present analysis of longitudinally
econstructed OCT images, plaque rupture in the proximal
houlder site was more often seen in STEMI than in
STEACS. Our results suggest that the longitudinal mor-
hology of plaque rupture might be an important determi-
ant of coronary artery occlusion and clinical presentations
f ACS.
tudy limitations. The present study had several limitations.
irst, aspiration thrombectomy was performed before OCT
maging in patients with TIMI flow grade 2. A throm-
ectomy catheter might have modified the culprit lesion
orphologies and induced the cavity opening against the
ow direction. Second, thrombus might affect analysis of
he plaque behind, making it especially difficult to observe
laque rupture and erosion. Third, the histological exami-
ation was not performed in the materials obtained by
spiration thrombectomy. Fourth, the relatively shallow
maging depth of the current time-domain OCT precludes
he assessment of plaque burden and arterial positive re-
odeling, which are well-described characteristics of vul-
erable plaque (1). A second-generation OCT technology,
ermed Fourier-domain OCT, might eliminate these tech-
ical limitations of the present study (9,23). Finally, the
tudy population was relatively small. Therefore, the present
esults should be viewed as preliminary and await confirma-
ion by larger clinical trials with a second-generation OCT
se.
onclusions
he present OCT study demonstrated the higher incidence
f plaque rupture in STEMI than in NSTEACS. More-
ver, the size of ruptured cavity was greater in STEMI, and
he ruptured plaque of which aperture was open-wide
gainst the direction of coronary flow was more often
bserved in STEMI compared with NSTEACS. The mor-
hological feature of plaque rupture might relate to subse-
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